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~ A GENERAL METHOD OF OBTAINING EXACT SAMPLING
. PROBABILITIES OF THE SHANNO!-WIENER

Q MEASURE OF INFORMATION, i

%

James N. Cronholm, M. S.

Page 1, 2nd paragraph, line 1. should read: Inspection of equation (I |
will show that H is a one-to-one func-
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ABSTRACT

A GENERAL METHOD OF OBTAINING EXACT SAMPLING
PROBABILITIES OF THE SHANNON-V_YIENER
MEASURE OF INFORMATION, H

OBJECT

To describe a method of obtaining the exact sampling probabilities
of the maximum likelihood estimate of the Shannon-Wiener information
measure, and to present tables of these probabilities.

RESULTS

A two-variable generating function was described which yielded
the sampling probabilities of the Shannon- Wiener information measure,
Expansion and collection of terms in like powers of the first variable
imposed the restriction that the sum of the k category frequencies equal
n; collection of terms in like powers of the second variable then pro-
duced terms whose coefficients were the required probabilities. Tables
of these probabilities were presented for the equiprobable case.

CONC LUSIONS

The method may be used with either equal or unequal category
probabilities for any finite n and k, and thus represents a general so-
lution to the small sample problem for this widely used statistic.
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A GENERAL METHOD OF OBTAINING EXACT SAMPLING
PROBABILITIES OF THE SHANNON-V!IENER
MEASURE OF INFORMATION, H

The outcomes of many experiments are characterized by the dis-
tribution of n independent observations among k mutually exclusive and
exhaustive categories. In situations of this sort, a number of statistics
may be computed as functions of the category frequencies, n.. A popu-
lar, and sometimes useful statistic is the maximum likelihood estimate
of the Shannon-Wiener measure of information [ 2, 3] :

Hoe-2 % log,

i=1

| (1)
log,N-+2-Mlog M

where

m=n (2)

]
i=l
While approximate tests of the significance of H are available for large
n[1], knowledge of the exact sampling probabilities is essential for ac-
curacy when n is small, and of considerable theoretical interest for any
n. The purpose of this paper is to present a general method for finding
exact sampling probabilities of H using a two-variable generating func-
tion.

Inspection of equation (1) will show that H is a single valued func-
tion of the sum

S, : g?nilogzni _ (3)

Accordingly, the probability of obtaining the rth value of H is equal to
the probability of obtaining the rth value of the sum S, i.e., f(l:Ir) =
£(S5;.). The two-variable generating function of equation (4) produces
the probabilities of these sums:

F(t,ll) £ irllgﬁpinlun'tn'm”" ()

The k p;s in this function are probabilities subject to the restriction
that

Zn,

I ) pl>0(i=1|2|""|k) '




and may be regarded as the parameters of a multinomial distribution
with k categories from which the n independent observations aredrawn,

Each of the k sums in F(t, u) may be identified with a category,
while the individual terms in each sum represent possible outcomes in
the specified category. The general term in the sum representing the

ith category,
ﬁpin, u" tn,lo;,n,
indicates that this category contains n; observations which could have

occurred in any one of n;! ways with a probability of pini, and that the
corresponding ith term in the sum, S;, will be nj log; nj.

If the multiplication in (4) is carried out and terms in like powers
of u are collected, F(t, u) may be expressed as

Fit,u) = Sgt)+ .

This operation invokes the restriction (2) that the sum of the category

frequencies equal the number of observations, n. Multiplication of the
coefficients of u™ by n! accounts for the possible orderings of all n ob-

servations.

Next, if terms in like powers of t are collected in gn(t), the re-
sulting terms will have the form

'J-'Z o

ko
!Tlnl!l.

=~

T -

™

P."'fts' : (5)

in which the first sum is over the

3 (6)
with
Tk ok,

possible orderings of a distinct set of n;s among the k categories. In
q (6), the k:s are the number of n;s equal j. The second sum in (5) is
over all distinct sets of njs, [nj] ., which yield the rth value of S.

This expression (5) can be interpreted readily. The multinomial
probability within the summation signs gives the probability of obtaining

2




a particular set of category frequencies in the indicated categories.
Summing over the distinct permutations of the k categories gives the
probability of obtaining a particular set of n;s irrespective of category.
Finally, summing these probabilities over all distinct sets of n;s which
yield the sum S, gives the probability of obtaining S_. Since the ob-
served set of njs is included in these sets, the coeftricient of t ST in (5)
gives the required probability.

gn(t) is a polynomial in t in which the exponents of t are the pos-
sible values of S, and the coefficients of t are the corresponding prob-
abilities. Thus, g,(t) may be written

L) = Zfs)t

= T
and the sampling probability of the rth value of A is given by (5), witht
set equal to 1.

Thus,

f(H,) 2 Zzu:—""ﬁ'p"n . (7)

1
LT ]
(B

A special case of some importance arises when the category probabilities
are known or assumed to be equal, i.e., P; = 1/k(i=1,2,....,k). In
this case, (7) reduces to

nJ,
fH) - 245

] ]
Tk! Ty !
10 ol

In summary, the sampling probabilities of ﬁ, given n, k, and the
population probabilities, pj, may be determined by first expanding the
two-variable generating function, F(t,u) (4), collecting terms in u™/n!
to find g, (t), ;and finally, collecting terms in this function in like powers
of t to find f(H). :

For computational purposes, it should be noted that if the infinite
series in F(t, u) are truncated at n; = c, the functions g,(t) will be cor-
rect for all values of n up to and including c. Terms in higher powers
of u than ¢ should be discarded.

As an example of how the two-variable generating function is used
consider the equiprobable case in which k = 4, p; = _1/k =1/4, and
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n = 4, Substituting these values in F(t, u) (4), and truncating atn; = 4 =c
gives

F(t,u> L (]+<}ll+ 2!_' iI,“ztzlog,z + 3l_| Tl’u’ t.’llnl,.’l
ey

Expanding and collecting terms in u™/n! up to u4/4'. yields

(t u> ]+U+({ +S ) "'(u'"rt2 +§'tm27 )aL
+(m+|54 +Lﬁ “ t:lng, +2%E‘ )]U'_

in which the polynomial coefficients of u”/n! are the functions gnlt):

2 (t)et”

g ()= 0411
B (e g
2 (t>=%tn+ﬁt1+%to+ﬁtmgﬂ +sl_4tc

The exponents of t in these exprebsmns are the possible values of S, for
n=1,2,3,4, and k = 4, The value of H determlned by each S, may be
found by substituting S, (3) in the equation for H (1). For g4(t) the S_s
are: S; =.0000, S, = 2,0000, S3 = 4.0000, Sy = 3log, 3 =4. 7549, and
Sg = 8. 0000. The correspondlng values of H are: Hl 2. 0000, HZ
1. 5000, H3 = 1.0000, H4 =,8113, and H5 = .0000. The sampling prob-
abilities associated with these values of H are given by the coefficients
of tSt in g4(t). Thus, £(2.0000) = 3/32, £(1.5000) = 9/16, £(1.0000) =
9/64, 1(. 8113) 3/16, and f(. 0000) = 1/64. The functions gy (t), ga(t),
and g3(t) may be used in the same way to identify the sampling prob-
abilities of H when n = 1, 2, and 3.

Table 1 is the result of similar calculationsfor the special case of
equiprobable categories, 2 <k<1l, and 2<n< 12, The first page of
Table 1 and the entries for 9 < n=k<1l were computed by hand, set
aside, and recomputed. As a , further check, the expected values of
these sampling distributions were compared with the values obtained by
Rogers and Green [2]. At this point the probabilities for the entire
table became available through computer-expansion of the generating
function, and the hand calculations were used to check these results,*

*The author gratefully acknowledges the contribution of A. T. Chen of the
University of Louisville Speed Scientific School Computer Laboratory
whodeveloped the program used to expand the generating function.
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The exact sampling probability of an obtained A may be found by
entering Table 1 at n, k, and the value of the observed A. Tests of
the significance of obtained values of fI under the hypothesis of equal
category probabilities may be devised by summing the tabled sampling
probabilities over appropriately chosen rejection regions.

While the use of Table 1 is restricted to the case of equal cate-
gory probabilities, it should be emphasized that the generating function
F(t, u) (4) may be employed in the general case of unequal probabilities
for any finite n and k. The proposed method therefore represents a
general solution to the small sample problem. :
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TABLE 1

Exact sampling probabilities of Afor2<sks1l, 2<ns12, and e 1/k.

S
A
N H 2 3 & 5 [} 7 8 9 10 11
2 14000 e5000 6667 7500 o8B00L0 8333 8571 #8750 8889 7000 «90v1
«000 25000 3333 2500 #2000 1667 14¢8 #1250 o111l +1000 40909
3 1585 02222 3750 +4800 5556 46122 +6562 6914 7200 7438
«918 ¢ 7500 e0667 056¢5 ehBUU 4107 3673 o328l #2965 <2700 2479
«U00 « 2500 «1111 «0625 e UG LU «0278 «0204 40156 «0123 0100 0063
4 24000 20937 +1920 42778 3498 +4102 <4609 5040 #5409
14500 YT Y 1-r4-) «5760 e5096  +5248 W4922 oH609 4320 4057
1C00 «3750 02222 ol406 e 0960 «0694 +05£5 40410 «0329 «0270 o02¢5
«811 «5000 2963 o1675 1280 0926 <0700 0547 0439 0360 <0301
+000 01250 oU370U 0156 U080 0046 o00<9 0620 0014 #0010 +0008
5 24322 e 0384 «0Y26 ol499 42051 2561 03024 3042
1.922 02344 e3840 «4030 44598 5127 5121 «5040 44918
l1e522 e3704 3516 $2BBO 02315 o1874 .1538 <1280 1080 40922
le371 2469  e2344 01920 elbald 01249 41025 «0BS4  o0T720 <0615
«971 «6250 W 2469 W1l12 00640 e03b6 0250 40171 ¢0122 <0090 <0068
o722 03125 ell34 0506 #0320 o0l93  oClZ5 L0085 0061 #0045 0024
eCOUL U625 euLl23 o0UL4Y « 0016 «0LUB  W0UUB 40002 #0002 «0001 «0001
6 24585 «0lb4 o048 40769 ellso e1dle oloiB8
2252 01152 22315 3213 3845 eu4dbn  e45H36 4674
le918 02637 3456 03472 03213 el20B4 o256l 0268 02012
l1e792 e1172 1536 41043 elbc8 ol2B2 oll3o <1008 40384
1585 01234  o0B79  aubT6 0366 02068 #0192 o0l 0108 40004
led59 4938 03516 6304  ol243 GlU7l 40769 eUd6Y  eU432 U335
le252 o1234 «QB 1Y « 0576 «0386 0208 «0192 o0l42 «0108 e 0Qo&
14000 «3125 o823 «0293 <0128 «QUB4  $0U36  $0021 s 0016 «0009 «0C06
«918 U687 el234 $0439 #0192 «0UYE 0024 0032 0020 U013 «00U9
Y-F e1875  oubS4 0176 «u0T6  eUUID  eULZL  $0UL3  eUULE  eLLLD LU0V
L0V eU312  euC&l  eUUlU  wulUL3  SUUUL  eULLL  &Q0AL  suLUD  eUVOU  euOUD
7 24807 <0061 «0l92 OERA] o614 aGob3
24522 $0540 o1285 02019  ecibbd e3175 03505
24236 el6l2 «2701 03213 43364 e351Y 03175 o297
2e128 s U537 «0900 1G71 ellé2 <1106 <1058 e 0396
1950 «1538 o1612 e1350 o107l 0841 +0664 0529 0427
leB842 e3U76 03225 2701 2142 1682 1328 1058 L0853
leb664 «0513 e U537 «0450 0327 «0280 e0221 s0176 o0la2
1557 02881 1538 40806 #0450 #0268 40168 0111 007> #0053
letu9 elG2U  elu25 U537 eU30u #0178 0112 0074 evlUuU #0056
le379 02881  o1938 <uB06 eU4E0D  «0268 #0168 #0111 eu075  &UC23
lelay U576 «0308 0161 eQUYL o004 0034 40022 Pyele] «C01L1
«985 02469 96U 00256 «U08BY «0038 +00l8 «0009 <0005 eNOT 3 «0002
«863 «3281 U576 «0154 e U054 $0022 « 011 « 0006 #0003 e J00L «00C1
«592 « 1094 192 e 0O «u018 sQU08 00L& #0002 0001 «QOC1 « 0000
« 000 v 156 o014 eQlLL2  ewuul dO0UUL  eUUWD #0000  «L0GOG U000  SUNUO
8 3.000 «0024 +00B84 40181 40310
2¢75u e0245 40673 1180 <1693 2172
24500 s0900 41836 42573 e 2450 023175  ¢32%
24406 «0240 0490 0673 0787 0847 o00c¢
24250 ¢1290 ¢1800 1836 1682 1475 o1l2/0 o106
24156 e1720 2401 +2448 02243 o1967 <1693 o148
24000 eU384  oUS3T 40925 40459 40386 0520 #0264 .« .2€0
14906 e3ul6 e 256C 21600 el2£4 <0841 «0990 eus23 L0310
1.81L «1025 e UB6D «0600 o04U8 « 0280 #0197 «014l +0103
1¢750 01538 1290 40900 #0612 40421 40295 0212 0135
le561 02561 ¢lU25 U430 «0200 0102 +0056 0033 #0020 0013
le549 «0205 <0172 «0120 «0GBZ  +0N56 0039 #0028 #0041
14500 1920 0769 40322 0150 40076 +0042 +0024 0015 40010
ls406 02561 olU25 0430 0200 0102 «0056 #0033 +0020 #0013
1.299 e1536 +0615 0258 +0120 40061 40034 40020 <0012 40008
le061 U256 o0lU2 sUUL3  oLU20 0010 +00U6  euC03  eLUUZ  00OUVL
l1.000 2734  4u320 «0UL64 eUULB  +0UGCE «00UZ 0001 #0001 «uL0UO  «00UV0
¢954 4375 U512 «0lu2 +UU29  SOULU  sULLA 0002 eULLL LU00L €00V0
«811 e2187 4u256 «0U51 U014  4OUG5 «00U2 40001 #0UUD U000  «00UO
o Su4 20625 +U073  20ULl5  «U0G4  «0u0l 0001 0000 #0000 0000 0000
«000 20078  ouU004 oOLUL  SUCCU  o0UO0 0000  «00T0 #000C «00CO  o0CUC




TABLE 1 (Continued)

Exact sampling probabilities of Afor 2k <11, 2<n € 12, and Py = 1/k.

Sk e

N 2 3 4 5 6 ? 8 3 10 11
9 [ 3.170 +0009 40036 ,0085
24948 +0108 40337 ,0653 L1016
2,725 ¢0472 41136 +1770 +2286 42666
2,642 20105 40252 40393 .0508 +0592
24503 20900 +1574 41892 1967 <1905 41778
2,419 20900 #1574 41892 o1967 <1905 1778
2,281 00581 40765 <0748 40662 40566 +0476 0400
2,197 02322 42701 2361 +1892 41475 +1143 L0889
24113 eU516 40600 40524 40421 40328 +0254 0198
2,059 00774 40900 ¢0787 40631 40492 +0381 .0296
1,575 011546  +07.4 40450 +0262 40158 +0098 +0064 0042
1.891 02307 - 41548 .0900 +0524 40315 0197 .0127 +0085
1.880 20077 40090 «0079 +0063 +0049 +0038 +0030
1.837 *1730 +1161 <0675 40393 40236 +0148 40095 +0063
14753 ©1154 +0774 40450 +0262 +0158 40098 +0064 +0042
1,658 20692 <0464 40270 +0157 40095 +0055 40038 «0025
1.585 sUB54 40256 40086 40U33 +0Ul4 40007 +0004 <0002 «0001
1.530 03841 <1154 40387 0150 +0066 0032 +0016 +0009 +0005
1,447 s0U77 40052 40030 +0017 0011 +0006 <0004 +0003
le435 01152 +0346 40116 0045 40020 40009 +0005 +0003 0002
1.392 20960 40288 40097 40038 +0016 +00C8 «0004 0002 0001
14352 #1536 40461 G155 .0060 40026 0013 +0006 <0004 +0002
1.224 +0768 40231 40077 40030 .0G13 40006 +0003 +0002 0001
.991 04922 oU3B4  .0058 U013  L0L0&4 40001 U001 <0000 G000 .00UO
+986 eu110  +0U33 40011 +00G4 oCUUZ 0001 +000C G000 +00U0
.918 03281  oU256 +0U3B  +UOU9 «00U2 +COU1l 0000 +0000 #0000 0000
o764 ¢ 1406 eUl1l0 UUlE e UllLG eUUU1 e ULLU 0000 e 0000V e U000 « 0000
«503 +U352 U027 +0UD4  eUULL 400U  00UG #0000 «U000 +0000 +0GOOO
« V00 e Uu39 LU02 « 0000 eulLLU eOuUUU e OULD L0000 e U000 e V00O « 0000
10 | 3.322 «0004 40015
3.122 00047 40163 40346
2,922 20236 40656 1143 L1616
2,846 +0045 40125 40218 0308
2.722 20562 <1183 +1639 41905 42040
20646 00450 40946 +1311 1524 +1616
24522 20563 40881 40966 ¢0929 +0841 L0741
2446 #1500 2248 42366 2186 +1905 1616
2.371 © 90250 +0375 40394 40364 <0318 40269
24322 cUl16 40488 40646 +0651 +USB7 40505 o044
2,246 01548 41500 1124 +0788 +0546 +0381 ,0269
2,171 #1548 <1500 +1124 <0788 +0546 0381 40269
2.161 s0U30 +0U45 +0047 0044 +0038 0032
2.122 o1161 1125 +0843 40591 40410 0286 40202
24046 sU516 40500 +0375 40263 +0182 +0127 +0090
1,971 #1442 L0774 40375 40187 0098 «0055 «0032. 40019
1.961 #0310 .0300 +0225 ,0158 .0109 s0076 40054
le922 *0721 40387 +0183 +009% 40049 +0027 »0016 0010
1.895 $0641 U344 U167 +0UB3 <0044 +0026 o0014 <0OOUS
1.846 22884 41548 L0750 40375 L0197 40109 +0064 0038
16771 00026 +0U25 40019 40013 +0009 0006 +0004
1e761 20865 40464 40225 40112 40059 +0033 40019 0012
1.722 20360  «0194 40094 +0047 40025 +00l4 <0008 40005
1,685 20577 40310 40150 +0075 40039 +0022 +0013 0008
1,571 +2134 40769 40284 +0117 40053 0026 +00i4 <0008 +0005
14522 #1600 +0360 U097 40031 +0012 40005 «0002 +0001 0001
1.485 #2561 40577 40155 o0US0 o00lS +0008 0004 0002 0001
1,371 sU640 40144 40039 40UL2 +0005 40002 0001 <0000 +0000
1e361 #1280 40288 4UDTT  40U25 +000U9 +0004 +0002 <0001 +0000
1,357 #0027 .0015 40007 40004 40002 +0001 40001 0000
1.295 +UB54 40192 40052 ,0UL7 0006 +0003 40001 40001 40000
14157 +uU366  +0LB2 .0022 .0007 +0UU3 40001 +000l ,s0000 +0000
1,000 02461  4ul28  +0Cl4  o0UOU2 +0UOL 40000 0000 . #0000 «0000 «00UO
«971 #4102 40213 <0024 <0004 40001l 4000 +0000 U000 «0000 0000
0922 2U046  +0U10 0003  +00ULl +QULD ¢0000 oUOO0 0000 0000
«881 02344 4U122 L0014 L0002 +0U01 +00U0 ¢0000 +UOUO 0000  »0000
$722 *UB79 40046 0005 40001 +0UOG +0GO0 +0000 40000 0000 +0000
+469 20195 +U01C +0CUl +U000 +0UCO #0000 40000° 0000 «0000 «00GO
+000 sUV20  4U001  +UGUD  sU00U  +0UO0  oULUO 40000 s0U00 +0000 0000




TABLE 1 (Comtinued)

Exact sampling probabilities of Rfor 25k £11, 2€n € 12, and ip; ™ Ak

# %
A
N H 2 3 4 5 ) 7 8 9 10 11
11 34459 e « 0001
3,278 «0020 #0077
3.096 «0l14 40359 40692
3.027 «0019 +0060 40115
2:914 «0325 40801 1257 olé6l6
24845 «0217 40534 0838 L1077
24732 e04%2 L 0H29 1040 1108 41007
24664 00883 41626 42003 2096 42020
24595 00118 40217 40267 0279 40269
24550 0206 40442 40569 #0601 0576 40525
2.482 1375 L1766 41626 41336 41048 0808
24413 0917 o1178 +1084 0890 40698 40539
2e4C4 «0012 40022 40027 0028 0027
24368 «0688 40883 40813 40668 0524 40404
24300 «0426 40573 40515 0407 #0306 0227 40168
24231 «1703 41375 +0883 40542 0334 40210 40135
2+222 0138 L0177 0163 40134 40105 0081
24187 «0852 +0688 40442 <0271 0167 0105 40067
. 24163 20378 40306 40196 0120 #0074 40046 +0020
24118 «1703 41375 +0BB3 0542 0334 40210 013s
2:049 «0U09 0012 40011 «C009 «0CU7 .0005
2040 20511 .0412 40265 40163 L0100 0063 .0040
24005 0142 40115 +0074 0045 40028 0017 40011
1.981 0881 0378 40153 0065 0030 #0015 40008 40004
1.972 sU227 40183 40118 0072 U044 0028 40018
l.936 e1983  LUB52 0344 0147 40068 <0033 0017 0010
1.868 1322 L0681 40321 40157 <0081 40044 40026 40015
1e858 0396 oULT0 00069 40029 <0014 40007 40003 L0002
10823 0991 0426 0172 40074 <0034 40017 0009 0005
1.790 1586 <0681 40275 +0118 0054 <0027 40014 +0008
le686 0396 +ULT0 L0069 40029 0014 40007 0003 ,0002
1.677 0396 L0170 0069 0029 0014 L0007 U003 .0002
146732 «0008 +0U06 +0004 0002 40002 +0001 40001
le617 0264 «Ull4  o0046 +0020 0009 <0004 0002 L0001
1.573 21956 40330 40071 o0UlS 40006 0002 #0001 0000 0000
1.539 01565 40264 G057 40Ul5 0005 40002 #0001 #0000 <0000
1495 2347 40396 40085 40023 «000U7 40003 L0001 0000 0000
le491 L0113 +0049 +0020 +0008 +0004 0002 <0001 0001
le435 o1565 40264 <0057 40015 40005 #0002 #0001 0000 40000
1348 cUGET  $0UTY U017  o0u0& 000l 0001 U000 +0G0G 0000
le322 TB2 40132 L0028 J0U08  #0UU2Z  «0001 U000 000G  COVO
1.309 eU335 40057 U012 4GUO3 0001 40000 +0C00 +0000 40000
l.278 L0U09 +U0US  «0U02 o0OUL 40000 +0UC00 +0GUO <0000
le241 L0467  J0UT6 00L& 0004 <000l 0001 0000 40000 .0000
1.096 L1688 L0028 <UDU6 0002 +0UGL <0000 «0OCO0 <0000 0000
« 994 4512 U156 #0013 4GC002 40000 #0000 0000 0000 #0000 0000
0946 03223 +U112 #0009 «UQOL +0GCO +0000 +0000 0000 0000 40000
« 866 U019 S0UU3  <UULL  o0UUL  s00GD 40000 0000 #0000 0000
e 845 e1611 +U0D56 DUUS «UDUL  «0UDO Q000 <0000 +00C0O 0000 0000
« 684 U537  JU019 +0LUZ +UOUU  40ULL  $OLULLG 40000  LUOUO 40000 .00ULOD
0440 eul07  oUO0UG $UUUD ou0UU  o0ULU  «00UO 40000 40000 0000 0000
« 000 eu0l0  oUDUU  0GU0  auGlU  o0UOG  «00OULD 40000 +UO0C 0000 0000
12 3.418 « 0008
3.252 «0054 40189
3.189 «0008 .0028
3.085 «0178 40503 .0881
3.022 «0102 <0287 .0504
24918 0305 <0674 40961 1133
24855 0488 21068 41509 41763
2. 192 10054 #0119 ""a0168 0196
2¢752 «0227 40447 +0579 40629 0624
24689 «1009 11626 #1781 41676 1469
20626 «0505 40813 +0890 40838 L0734
24617 +0005 <0010 0014 40017
24585 «0034 +0L16 10640 0690 0644 40562
2¢522 0688 40858 40772 40623 0482 40367
20459 1375 41514 41220 <0890 0629 044l
24451 «0061 40098 #0107 40101 0088
24418 00688 <0757 40610 0445 40314 40220




TABLE 1 (Continued)

Exact sampling probabilities of A for 2 £k £ 11,

2€n <12, and p"l/k-

K
A
N H 2 3 4 5 [ 7 8 9 10 11

12 24396 20204 40224 L0181 L0132 +0093 L0065
24355 *0917 41009 40813 L0594 +0419 L0294
24292 «0681 ,0458 L0256 #0141 ,0080 +0048 L0029
24284 ¢0275 40303 L0244 L0178 #0126 L0088
24252 #0255 40229 40158 L0102 +0065 40042 ,0028
26230 «0908 40611 40336 ,0181 0099 <0056 L0033
24221 +D092 <0101 40081 40059 «0042 L0029
24189 «2044 41375 L0757 20407 40223 40126 40073
20126 0681 40504 40303 ,0176 #0104 <0063 ,0039
26117 «0409 40275 40151 L0081 «0044 40025 40015
24085 «0511 40344 40189 L0102 «0056 +0031 L0018
24054 *UBl7 .0550 40303 ,0163 +008% 40050 L0029
24000 0220 40076 40025 +0QC09 +0004 40002 #0001 40000
14959 1983 0886 40367 40160 0074 40037 40020 L0011
16951 «0136 40092 +0050 ,0027 «0015 40008 +0005
1e947 +0U03 L0003 ,0002 0002 «0001 L0001
1.918 «0744 40255 L0086 L0032 #0013 ,0006 40003 L0001
14896 «0091 ,L0U6l 40034 ,0018 «0010 <0006 40003
l.888 «1190 <0409 L0138 40050 20020 40009 40004 .0002
1855 #0991 ,0341 ,L,0115 40042 #0017 40007 40003 L0002
1825 0793 40272 0092 L0034 #0014 40006 40003 L0001
le792 «0198 .0068 ,0023 Lo0U8 #0003 +0001 40001 +0000
1784 «1190 40409 40138 L0050 #0020 40009 40004 40002
le781 . *U039 40026 40014 <0008 40004 #0002 +0001
1e¢730 20793 40272 40092 L0034 20014 #0006 40003 40OC1
14650 #0119 <0041 L0014 40005 #0002 40001 #0060 +0000
le6206 +0198 L0068 L0U23 .0Q0Q08 #0003 40001 40001 ,L00GQ
le6l4 «0170 <0058 40U2C 40007 +0CC3 40001 +0C01l 40000
14585 U652 L0083 LGUlT LOUOS 20002 40001 +0OCOC #GUGCG s U000
le554 e313C <0396 U068 L0015 e 0U04 L0001 WCOUG  suLOD e LOVUG
14551 20113 40039 40C13 L0005 20002 <0001 4ul00 L0CUQ
14560 1043 .0132 L0023 .0005 #0001 40000 LCONO L0COQ « 0000
le483 eL939 0119 40020 ..0U04 40C0] 0000 <0000 LUUOL .00UD
14459 ¢1565 40198 L0034 L0008 ¢0002 <0001 +UGO0 4UOGO «00UO
le4l8 #0042 40014 40UUS 400UZ2 40001 «0000 <0000 +00UO
le384 *UB94 0113 40019 4PU04 40001 #0000 <0000 40000 40000
1e325 U626 40079 40014 40003 +0001 +0000 40000 40000 .0000
le.281 eu44T 40057 40010 40002 40001 +0000 #0000 40000 <0000
le252 *Ul68 <0021 40004 40001 +0C00 +0000 40000 #0000 40000
1.208 «0003 40001 <0000 40000 40000 «0000  +0000 L0060
1.189 2L224 40028 40005 40001 0000 20000 40000 40000 40000
le041 2L0T4  200U9  CUDU2  LOLLO  L0UOUU 20000 <GU0D 40000 +00CO
1.000 02256 40052 <0003 4000U «0UOGC  +0GUU 40000 «0000 400OC « 0000
« 980 #3867 L0089 +400U6 LOUGL 20U00 40000 40000 +LUOO «0000 40000
«918 €2417 40056 +0004 40000 40000 «0000 40000 40000 40000 « 0000
«817 eL007 40001 +UOCO 40000 +0000 #0000 40000 #0000 40000
«811 #1074 4L025 40002 40000 +0UGO +0000 L0000 L0000 U000 « 0000
+650 «0322 L0007 <0000 U000 40000 0000 40000 40000 40000 « 0000
e4ly U058  4L001 <0ULU  WULUU  LOLOG +0CCC 40000 40000 40000 « 0000
« 000 2U005  LU000 L00LO LUOVU  L0UGO «0000 L0000 L0000 L0000 « 0000

AG 2357-0-Army-Knox- Aug63-5C
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